was strongly associated with the presence of somatic piRNAs (Fig. 3a) . We conclude 167 that an active somatic piRNA pathway is widespread throughout the arthropods. 168
The phylogenetic distribution of somatic piRNAs suggests that they were 169 either ancestral to all arthropods or have been independently gained in different 170 lineages. To distinguish between these possibilities, we used ancestral state 171 reconstruction to infer the presence or absence of somatic piRNAs on the internal 172 branches of the arthropod phylogeny. Our results indicate that somatic piRNAs are 173 ancestral to all arthropods (posterior probability = 1), and have been independently 174 lost at least four times (Fig. 1a) . 175
Functions of somatic piRNAs 176
In all but one species with somatic piRNAs, at least 2% of piRNAs mapped to TEs 177 (Fig. 3c, Extended Data Fig. 3 ), suggesting that their anti-transposon role is 178 conserved in the soma. The exception to this pattern was O. fasciatus, where only 179 0.009% of somatic and 0.074% of germline piRNAs were derived from annotated 180
TEs. Moreover, somatic piRNAs from all species displayed the hallmark features of 181 not peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/185694 doi: bioRxiv preprint first posted online Sep. 7, 2017;  In the mosquito A. aegypti, somatic piRNAs target viruses 6,7 . To test whether 199 somatic piRNAs derive from viruses in other species, we reconstructed partial viral 200 genomes from each species using somatic RNA-Seq data, then mapped small RNAs 201 from these tissues to these viral contigs. In A. aegypti, we recovered the partial 202 genome of a positive-sense, single-stranded RNA virus that was targeted by both 203 siRNAs (21 nt) and 5ʹ U-biased, 25-30 nt piRNAs bearing the signature of Ping-Pong 204 amplification (Fig. 4a) . These data recapitulate previous results showing that both 205 the siRNA and piRNA pathways mount an antiviral response in A. aegypti 6 , and thus 206 validate our approach. In eight additional species, we could similarly reconstruct 207 viruses that generated antiviral siRNAs (Fig. 4c, Extended Data Fig. 13 ). Four of 208 these species also produced 25-30 nt, 5ʹ U-biased RNAs derived from viruses 209 including negative-and positive-sense RNA viruses and DNA viruses (Fig. 4b,  210 not peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/185694 doi: bioRxiv preprint first posted online Sep. 7, 2017;  piRNAs in any of these species-in C. sculpturatus somatic piRNAs were of low 212 abundance (Fig. 4b) , and in T. castaneum, D. virgifera and P. xylostella piRNAs 213 mapped to only one strand (Extended Data Fig. 13 ), a feature reminiscent of the 214 somatic piRNAs present in Drosophila follicle cells 4, 5 . Despite removing sequencing 215 reads that map to the reference genome, we cannot exclude the possibility that 216 these piRNAs come from viruses integrated in the host genome 29 . Together these 217 results suggest that although some viruses may be targeted by somatic piRNAs, 218 siRNAs likely remain the primary antiviral defence against most viruses across the 219 arthropods. 220
Conclusions 221
The rapid evolution of small RNA pathways makes inferences drawn from detailed 222 studies of individual model organisms misleading 22 . Our results suggest that the best 223 studied arthropods, concentrated in a small region of the phylogenetic tree, are not 224 representative of the entire phylum (Fig. 5) 
Locusta migratoria, Bombus terrestris, Nicrophorus vespilloides, Heliconius 251
melpomene, and Trichoplusia ni we used female and male thorax separately. For 252 non-insect species, we took mixed tissue from either the mesosoma (Parasteatoda 253 tepidariorum), prosoma (Centruroides sculpturatus), pereon and pleon 254 (Armadillidium vulgare) or muscle, heart, and liver (Limulus polyphemus). For these 255 non-insect species, we isolated somatic tissue from males and females separately. 256
For Strigamia maritima, we pooled female and male fat body. 257
RNA extraction and library preparation: Protocol 1 258
For Limulus polyphemus, Centruroides sculpturatus, Parasteatoda tepidariorum, 259
Strigamia maritima, Armadillidium vulgare, Locusta migratoria, Bombus terrestris, 260
Nicrophorus vespilloides and Heliconius melpomene we extracted total RNA and 261 constructed sequencing libraries using Protocol 1. Following dissection, each sample 262 not peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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USA). 266
For small RNA sequencing, each sample was initially spiked with C. elegans 267 RNA (N2 strain) at 1/10 th mass of the input RNA (e.g., 0.1 µg C. elegans RNA with 1 268 µg sample RNA). This allowed us to quantify the efficiency of sRNA library 269 production. To sequence all small RNAs in a 5ʹ-independent manner, we removed 5ʹ 270
triphosphates by treating each sample with 5ʹ polyphosphatase (Epicentre/Illumina, 271 establish the evolutionary relationships between homologs, we aligned each set of 337 homologs as amino acid sequences using MAFFT 36 with default settings, screened 338 out poorly aligned regions using Gblocks 37 with the least stringent settings, and 339 inferred a gene tree using the Bayesian approach implemented in MrBayes v3.2.6 38 . 340
We specified a GTR substitution model with gamma-distributed rate variation and a 341 proportion of invariable sites. We ran the analysis for 10 million generations, 342 sampling from the posterior every 1000 generations. 343
Transposable element annotation 344
To annotate transposable elements (TEs) in each genome, we used RepeatMasker 345 v4.0.6 39 with the "Metazoa" library to identify homologs to any previously-identified 346 metazoan TEs. In addition, we used RepeatModeler v1.0.8 40 to generate a de novo 347 not peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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Virus identification and genome assembly 355
To identify viruses, we first mapped RNA-Seq reads to the genome of the host 356 species to exclude genome-derived transcripts, thus filtering out endogenous viral 357 elements. We then used 
Small RNA analysis 372
To characterize sRNAs derived from the genome in each tissue of each species, we 373 first used the FASTX Toolkit (http://hannonlab.cshl.edu/fastx_toolkit/) to screen out 374 small RNA reads with >10% positions with a Qphred score <20 and cutadapt 42 to 375 not peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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To characterize sRNAs targeting TEs, we used BEDTools getfasta 44 to extract 383 TE sequences from the genome in a strand-specific manner (according to the TE 384 annotation for each genome, above), mapped sRNAs as detailed above, and 385 quantified their characteristics using the same custom Python script 386 (https://github.com/SamuelHLewis/sRNAplot), this time considering all sRNA 387 sequences. To characterize sRNAs targeting viruses, we first screened out genome-388 derived sRNAs by mapping sRNAs to the genome and retaining unmapped reads. 389
We then used the same mapping procedure as detailed above, applied to each virus 390
separately. 391
To characterize small RNAs mapping to UTRs in each species (except D. not overlap with TEs, we masked any sequence that we had annotated as a TE 395 using RepeatMasker (see above). We then screened out TE-derived sRNAs by 396 mapping sRNAs to the TE annotations and retaining unmapped reads. These were 397 mapped to our UTR annotations as detailed for TEs (above). For D. melanogaster 398 and D. virilis we employed the same method but used the curated set of 5ʹ and 3ʹ 399
UTRs from genomes r6.15 and r1.06 respectively. We excluded D. virgifera from this 400 analysis as gene models have not been predicted for its genome. arthropods. Our data suggest that the mechanisms of sRNA pathways have 698 diverged in two key areas. In some lineages, the piRNA pathway is restricted to the 699 germline (e.g., flies), whereas in most others it is active in the soma and the germline 700 (e.g., spiders). Additionally, in some lineages (e.g., spiders), RdRP may synthesize 701 dsRNA from transcripts produced by RNA polymerase II, amplifying the siRNA 702 response. 703 704 not peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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